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Engineering and Dr. M. L. Albertson, Head of Fluid Mechanics 
Researeh at Colorado A & M College for advice in the conduct 
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consulted in conneetion with the instrumentation problems. 
Prof. T. H. Evans is Dean of Engineering. 
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Chapter I 

INTRODUCTION 

Any p oss i b ility of reducing the structural we i ght of a 
mode rn airp lane is worthy of careful considerati on. The size 
and strength of many structural components of modern aircraft 
are dictated by the l oads occurring during landing, particu-
larly for the seaplane landing in rough-water c onditi ons. In 
the c a se of the seaplane, it is theoretically p ossible to 
derive. a b ottom contour whi ch will yield the smallest maximum 
(peak) de celeration t o abs orb a given kinetic ene r gy at 
contact. Experimental verificati on of a the ore tically derived 
constant-force hull shape has been disapp ointing . Results 
indicated that more should be learned ab out the water-entry 
phenomenon of hulls having small angles of deadrise. The 
purpose o f this report is to describe further the details of 
experiments on the water pile-up and the decelerati on history 
of the constant-force hull shape as an approach to the develop -
ment of the optimum hull c ontour . 

Other Applicati ons of the Water Ent ry Problem 

The condition of entry of ~!olid bodies into a mass of 
water h as been brought into sharp focus in recent years. The 
designers of naval ordnance, ship hulls, a nd seaplanes have 
b een concerned with various phases of water entry. The theory 
is based on assumptions regarding the apparent mass of water 
which is cons idered t o be affected by the impact of the body. 
The theoretical approach is c omplicated by the pile-up of 
water immediately a djacent to the h u ll. 

The Techniques Employed in This Inve stigation 

In this investigati on the pile - up phenomenon was 
measured f rom still photographs taken at a high s peed . The 
accelerat ion his tories of the hulls were obtained by photo-
graphing the output of an electroni c a ccelerometer mounted 
in the hull from an oscilloscope screen. During these experi-
ments the test hulls were pe r mitted to fall freely into the 
test tank . 

The pile - up wa s measured on 8- x 10-in. enlargements of 
the still phot ogra phs·. Measu rements c onfirmed previou s find -
ings in that the the ore tical approach t o the problem fai led to 
describe the water pile-up satisfactorily . These experiments 
also verified the difficulty in obtaining g ood phot ographs of 
the water pile-up for the (3 = 10° hulls. 

1. 



2. 

This ' is due primarily to the fact that the whole impact phe-
nomenon occurs in a time period 'of less than 0.05 sec. 

A bottom contou~ developing a constant acceleration 
history has been developed by a trial and error process. The 
starting point was the shape developed from the theoretical 
appr oach. The experimentally-developed hull shape retains 
the low values of deadrise over a greater part of the total 
beam width than the theoretical hull shape. The majority 
of the work was conducted on a hull whose equivalent angle 
of deadrise was 200. Hulls of equivalent angles of deadrise 
of 300 and 400 were also tested. The equivalent angle 'of 
deadrise is defined as the angle made with the horizontal by 
a straight line joining the keel and the chine. 



Chapter II 

REVIEW OF LITERATURE 

Early Inve stigation 

Early t heory was de veloped for a V:wedge by von Karman 
(1) i n 1929 based on t h e assumpt i on that the momentum of the 
hull is transferred to 
the momentum of an ap-
parent mass of water. 
For the case of t wo-
dimensional flow, the 
apparent mass was assumed 
to be a half cylinder 
of water of diameter 
equal to the submer ge d 
width 2c of t h e wedge 
and length L equal to 
the length of the hull. 
This situation can be 
described as an example 
of conservation of momen-
tum b etween the hull a nd 
apparent mass of water. 
The mathematical expression 
of this condition is: 

M v 0 = (M + m) ' v 

Fig. 2.1 Diagram of 
assumed apparent mass 
for two-di mensional hull 

( 2.1) 

Von Karman showed t he solution of Eq. 2.1 to be: 

I 2 v 0
2 

dv dt = - -
z(l + A)3 

where )A = m/M 

and t = 2 ( 1 + ;Uf3) Vo 

Von Karman ' s wor k did not account for the pile-up of 
water above t h e static surface adjacent to the hull. Wagner 
in 1932 first cons idered t h e pile-up of water adjacent 1 to 

3. 



4. 
the hull. Later Monaghan 
added to Wagner's work 
giving a formula relating 
the apparent mass of the 
water with the wetted width 
associated with the static 
water surface, 
~ r--2c/~ 

-- --
f3 
f 

c = 7rl2 (l - ~l7r ) c 1 . • 

Fig. 2.2 Definition 
sketch for water pile-
up on a V-wedge hull 

(2.2) 

Bisplinghoff and Doherty(5) show a similar development 
to that of Monaghan by c onsidering t he hull to be an expanding 
prism in a field of p otential flow. The fl ow around the prism 
was simplified t o a problem of rectilinear flow by a conformal 
transformation. This theoretical analysis resulted in the fol-
lowing expression for the water pile-up (5:32): 

clc' = 'Tf. tan ~ 
2K~ 

( 2. 3) 

where K is the scale. factor for the transformation and is 

fi K = ----~------~~--------~---------[' ( 112 + rs In ) r ( 1 - ~ I -rr ) cos f6 

Therefore , Eq. 2.3 becomes: 

Fig . 5.1 shows the solution of Eq. 2.5. · 
Further refinements were made in the t heoretical anal-

ysis by other writers by acc ounting for such factors as the 
s teady-state force and partial wing lift. 
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5. 
Recent Investigati ons 

Most previ ous work has been summar ized by Bisplinghoff 
a nd Doherty (5) in 1950. They extended the the ory of the 
previous investigations and conducted a s ys tematic study of 
the significance of various factors. The hull was considered 
to be a two-dimensi onal V-wedge entering the water 1.vith the 
for on the hull c omp osed of three parts: 

1. The unsteady-state f orce fu caused by change of 
the momentum of the apparent mass, 

2 . Skin friction drag fs or the stea dy-state f orce , 

3. Force of buoyancy fb . 

Because of uncertain accuracy of the t he oretical values 
of the steady- state drag coefficient , experimental values were 
obtained for 100, 200, 300, and 400 wedge models by conducting 
tests in a water tunnel. 

An exp erimental check of calculated impact l oads was 
obtained by dr opp ing larger V-wedge models vertically into a 
tank . The accelerati on-time his tory was determined by 
rec ording the ou t put from a Statham accelerometer with an 
oscill ograph . The pile-up of the Hater Has recorded by 
photographing the impact phenomen on through a glas s panel in 
the front of the tank, using a 16 mm high - speed mo tion 
picture camera operating at 1500 frames per second. The 
foll owing conclusi ons were reached from the investigati ons 
of reference (5): . 

1 . Experimental data showed n o c or r elation with theory 
re garding t he pile -up of water . and consequen.tly 
with apparent mass. 

2. Exper i~entally determined peak decelerations were 
much less than t heoreti cal values at ~ = 10° , 
a greeing in the 20 tc 30° range , a nd becoming 
h i ghe r than theoretical values at the higher 
values of deadrise. 

3 . The buoyancy f orce fb was negligible. 

4· The steady-state force fs was larger t han fb , 
but smaller when compared to fu . 

5. The unsteady-state force fu tvas clearly the 
predominant factor (5:67). 



A comparison of the results of each of five theories 
was made with the experimental results for the (3 = 20° hull. 
The comparison indicated generally similar results for all the 
theoretical equations. The method of Kreps indicated con-
siderably greater values than. the experimental results and the 
method of von Karman being somewhat less than the experimental 
values. 

The apparent mass of water computed from the peak values 
of the acceleration history curves for each theoretical method 
was compared with the experimental values. The trends 
established for the experimental points bore no resemblance 
to the theoretical curves. The acceleration histories 
determined from each of the five theoretical methods and the 
experimental results were also 0ompared by consideration of 
the maximum accele~ai;;ion and the time to maxi.mum acceleration. 

Bisplinghoff and Doherty developed a theoretical 
constant-force bottom contour. An experimental model of the 
constant-force hull bottom was constructed and tested, but 
the agreement between the theoreti cal acceleration history 
and the experimental history was poor. The experimental 
hull failed . to develop a sufficient value of deceleration 
during the early period when the angle of deadrise was small. 
The authors concluded that the failure of ~he theory was due 
to a questionable assumption of an inc ompressible fluid and 
to the lack of understanding of the nature of water pile-up 
at low deadrise angles. 

Summary 

The investigations of seaplane impact to date indicate 
that there is a lack of understanding of the mechanics of 
water entry, particularly for low angles of deadrise. 
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Chapter III 

THEORETICAL ANALYSIS 

The the oretical analysis logically falls into two 
general considerations: 

1. Development of the bottom contour to experience 
any assumed force-time history. 

2. Development of the bottom contour to produce a 
constant force during impact. 

Development of the Bottom Contour for any Force-time History 

If the acceleration of the hull at any time can be 
considered to be a function 
of the displacement, then 

a= ¢ ( z) 

and z = ~.._f_rx_J -------1----
dv/dt = ¢ ( z) , 

furthermore 

dv _ dv dz ,.;... 
dt - dz dt - ~(z) ' 

or 

v dv = ¢ ( z)dz. 

Integrating Eq. 3.1 , 

v22 = ;zr¢;( z) 
0 

dz + 
v 2 0 
2 

Fig. 3.1 Definition sketch 
for water pi le-up on any 
hull 

(3.1) 

(3.2) 

However, from Eq . 2.1 , assuming full wing lift, 

v = v 0 / ( 1 + )J. ) , (3.3) 
7. 



8 .. 

A.l = m/M • 
Substituting Eq. 3.3 in Eq. 3.2: 

v 2 jzf 
o - 4> ( z) dz + v 

0 
2/2 

2(1 + AJ. >2 
0 

Solving for .A : 

1 2Jzf 
----::;..---x - - </:> ( z ) dz + 1 
(1 + .,.a)2 - v 2 0 

0 

Al = --------1-------- - 1 

energy a:"- impact to be absorbed But 1/2 M v -2 represents the 
by the wate~. The energy 
absorbed is equal to the 
~a under the force-
displacement euF~e (solid 
line) as Shown in Fig. 3.2. 

-~------, 

If r is a shape 
efficiency factor relating 
the ~-ea of the given curve 
to the area of the dotted 
rectangle, then 

1/2 M v 2 = ( f z ) r o max f 

Displacement z 

Fig. 3.2 Force-
displacement diagram 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

(3 .. 7) 

: -· .. ... 



9. 

wherjd zf 
If .~ fmax = 
b~omes 

is the displacement when v becomes zero. 
!lrnaxW where n is a load factor, then Eq. 3.7 

'(~/ 

or 

rearranging 

Ilrnax = 

2 - 1 
v 2 ·- nmaxgr Zf 

0 

Substitu ting Eq. 3.9 in Eq . 3.6 

1 
A = -~=========================== 4 1 z Jzf cp( z )dz + 1 

nmaxgr f 0 

If f max = ~ax W then, 

f(z) = n(z) W , and 

f(z ) = Wa/g 

t hen, 

cp( z ) = n ( z ) g . 

Substituting Eq . 3.11 in 3.10 and simplif yi ng : 

1 
,;« = -;::::=~========= 

-J~ j ~( z ) d ~zf + 1 
max 

- 1 . 

(3.8) 

( 3. 9) 

- 1 (3.10) 

(3.'11) 

(3.12 ) 
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By def'ini·tion, 

TAJhei,e D is a constant which accounts fol" the e:ffeet of 
deadrise and pile-up on the apparent mass. 

1~ Constant-{~ Bot·c9m .Q..'l.Ilto~ 

(3o13) 

If a hull is ass'UII'led to have the constant-for-ce bottom 
contour, then its force-
displacement diag~wn would 
describe the dotted nmax 1------------, 
rectangle in Fig. 3.2. If 
Eq • .3.11 is cori"'etr!; then ~ 
Fig • .3.2 would be equiva- ~ 
lent to Fig. 3.3; then ~ 
n(z) = -~ax and r = 1 • 

Disp/qcemenf z zf 

Figo 3 • .3 Acc$l$rat1bn-
displacement diagram 
for ideal case 

For this condition of an actual cons·ta.nt-:f.'orce hu.ll, 
Eqo 3~12 becomes: 

t 

/{,{ = ________ 1 ___ _ - l 0 

Integrating 

. ,, 1 
AA = ------- - 1 o 

~ Equating Eq. 3J3 and 3 .~. ~ 

- 1 (3.15) 



The condition indicated by Eq. 3.15 is evaluated in the 
following table: 

Table 3.1 
Dimensionless Coordinates of Theoretical 

Constant-force Bottom Contour 

z/zr D~x 

0 0 
ol .232 
.2 .346 
.3 ·~40 ·4 • 38 
.5 .6t4 o6 • 7 2 
:~ .907 

1.110 
.9 i:~l4 .95 

1.0 00 

The apparent draf~ z can be related to the actual draft 
z' ,. w1 th respect to the undisturbed water surface by 

z• = 7r /2 f( ~ ) z • 

which corrects the theoretical constant-force bottom co t our 
empirically for pile-up. The funct ion f(~) can be 
determined from ·tests on the v-wedges. 

In Chapter V this procedure is carried out for the 
P'e :.:: 20° hull. 

11. 



Chapter· TV 

EXPERIMENTAL EQUIPMENT AHD PR OCEDURJ!; 

i~e experimenta l equipment consists of (1) the drop 
mechanir:rm.1 (2) the drop tank, (3) the acce._leromete~, (4) the 
model hulls, and ( 5) the ame!•as used t o photograph the 
Impact.; and the acceleration-time history. The testing is 
divided into ( 1) the pr•ocedure used in obtai ning the impac t . 
pictu.r·es and ( 2) the pr•ocedure used in obtaining the 
acceleration histories. 

Dr•o;e Mecha{Q.S,!!! 

The drop mech~1ism c onsis ted of a support and guide f or 
a ~quare metal !"Od. The rod was fabricated from hollow 
3/4 i .n. :x: 3/4 j_n • .square brass tubing. The model was 
attached to the rod by a 6 ln. x 6 in. x 1/4 i n . clear· 
L11e::t ·.e plate. The guide fo:r• the square r•od containe d eight 
balJ. bea:r•ings W'l".dch rest1•i ·ted fl"ee movement to a vertical 
diree.tion onlyo 

The model hulls were dropped into a rectangular wooden 
tctXJkc A glass panel ·v.1as set into the front of the tanko An 
a.dj'tlS' ·able metal plate was fastened to t hG inside o:~~ ·she 
-ack wal_ of the tanko Thi ~~ pe:r:mi tted tt.E" adjust.me:c.JG of the 
en.J gap between the sides oi' the tank a:nc1 the ends of the 
modelo The gap v.ra.s kept at a min:imum at all times t o ensure 
.. ·~·;o-d,:menslonal f'lowo 

A scale was attached at 
the edges and bot:tom of' the 
glass panel to facilita::;e 
taking measurements from the 
photographs o The tan.k was 
s~ t independent .fi•om the . 
dropping mechanismo Fot~ 
leveli::::tg screws 1'!/ere attached 
~t the bot~om outside corners 
of tbe tank to permit carefUl 
ad justment of the drop height. 
Wave absorbei•s and splash 
&'Uides tvere attached to the 
ends of the tank. The 
absorbers and splash guides 
consisted of cellulose sponge 
cut to the required shape. 
These ellminated most of the 
splash resulting from the 

Sheef 
metal 

Normal w. s. 

End of tank 

Fig o 4 ol Sketch of wave 
absorbers a~d splash guides 

( 



impact and quickly damped out sur~ace disturbances a~ter a 
test run. A hook gauge was ~itted to one end o~ the tank to 

· aid in care~ul adjustment o~ the water sur~ace. Fig. 4.2 is 

13. 

a photograph Showing the drop tank and support as used in this 
investigation. 

Photograph]; 

The measurements o~ water pile-up were made tram 
enlargements o~ 16 mm motion picture ~11m by Bisplingno~f and 
DOherty~ At best ~his was certainly difficult. Because of 
the importance o~ these measurements, a larger negative was 
spec1~1ed ~or the investigation reported here. A 4- x 5-in. 
Speed Graphic camera with an f-2.8 coated Ektar lens was used 
~or obtaining the photographs o~ the water pile-up. The 
aperture was set at ~-5.6 and Ansco Super Pan Press ~ilm · ~as 
used. The lighting was provided by an Ahbrams Portatron high• 
speed electronic flash gun. The pictures were all made at 
night or in a darkened roam with the shutter set at 1 sec. so 
that the photography was essentially by . •open-flash" technique. 

Fig. 4. 2 Photograph · ot drop 
mechanism and equipment 



The flash gun was " triggered" by a specially constructed 
acceleration switrjh mounted a t the top of the model support 
rod (see Fig~ 4 . 2 ) . The switch contacts were actuated by a 
cantilever leaf of spring steel. By adjusting the spacing 
of the contacts, the time of the photographing relative to 
the initial impact, could easily be adjusted. A series of 
photogz•aphs showing the progressive growth of the water 
pile-up was thus obtained. 

The negatives were enlarged to 8- x 10-in. photographs~ 
From these photographs c , c r , z , and z f were carefully · 
measured. Typical photographs of the impact of the p = 10°, 
20°, 30°, 40°, and 5oo hulls are shown in Figs .. 4 w3, 4.4, 4 .. 5, 
4. 6, and 4.7. 

Acceleromete:r, 

The acceleration-time history was obtained using a 
Model 18c6 Calidyne accelerometer .. The accelerometer was 
bolted to the hull cover plate. The shielded flexible 
accelerometer lead passed through the hull cover plate and 
was formed in a loop to permit unrestrained movement of the 
hull ~ This was similar to the arrangement used by Bisplinghoff 
and Doherty. This accelerometer employs a 5734 RCA mechano-
electroni c transducer. The accelerometer has a natural 
frequency of 250 cps. The signal from the accelerometer was 
passed through an osci l loscope and was then recorded from the 
oscilloscope screen by photography. Fig. 4.8 shows the circuit 
diagram of the accelerometer. 

A ccelerometer 

- --

j_ 

I? AL. Re ~=R 
"VY ......... , 

IBOV 

~~I'''''._:-
r-~o~:J 

-
1/0vac 

~ 
. ~ 

6,3'( -== -!- ---

Fig. 4 ~ 8 Circui t diagram for 
Calidyne accelerometer 
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·Fig. 4.4 ·Photograph of V-wedge during impact for f3 =·20° 



Fig. 4. 5 Photograph of V-wedge during impact for {3 = 30° 
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Later the results were checked with a Statham Model 
A8-l0-335 accelerometer. This was done because the Statham 
instrument was drumpe d to about 0.7 of critical damping whereas 

· the Cali dyne accelerometer was ·only damped to o. 29 of critical. 
The recorded oscillograprr records from the Calidyne instrument 
indicated that there may have been considerable "overshoot" at 
the instant of impact. Comparison of similar runs indicated 
that the Calidyne accelerometer did overshoot about 100 percent 
at the instant of impact. Therefore, only the results obtained ~ 
with the Statham accelerometer are shown in this report. 

Accelerometer-~ Histories 

The signal from the accelerometer was recorded from an 
oscilloscope screen by photographing with a Fairchild 
oscilloscope camera. The camera was equipped with an f-2.8 
Wollensak coated lens mounted in a Rapax shutter and is 
equipped with a Polaroid-Land back. A print of the record 
can be obtained in a ~ew minutes after exposure . 

The osc illoscope was a Model 304A Dumont which was 
equipped with a special short-persistence blue cathode-ray 
tube and a driven sweep. This oscilloscope was specially 
designed for photographin~ these relatively low-frequ0ncy 
transient ·signals. Fig. 4.9 shows the oscilloscope and the 
Fairchild camera. 

Fig. 4.9 Photograph of oscilloscope and camera 
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The shutter of the camera was set at "B" and operated 
by a solenoid. The solenoid was triggered by a roller micro-
switch which was actuated by an adjustable plastic ·wedge 
attached to the side of the model support rod. The wedge was 
adjusted so that the shutter was opened at the point where the 
keel touched the water and remained open until the chines 
were immersed. 

Model Hulls 

All hulls were smoothly sanded and finished with 6 or 7 
coats of Periseal. This resulted in a very smooth durable 
finish. The models were constructed of well ·seasoned solid 
mahogany. 

The surface contours of all model hulls were cut using 
a horizontal milling machine. A pair of metal templates were 
cut from .l6-gage sheet metal and carefully filed to proper 
shape. These templates then served as a guide for a guide 
wheel or follower at the end of the cutter head of the mill. 
If accurate templates are made, close tolerances of the hull 
can easily be attained. Fig. 4.10 shows a photograph of the 
milling operation on a 20° hull. The inside of the hull was 
hollowed out using an end mill in a vertical milling machine. 
Lead ballast was added as necessarY to adjust the final 
weight of the hull. Fig. 4.11 shows the V-wedge hulls as 
they were used durin~ the tests. 

Fig. 4.10 Photograph of milling of bottom contour of model hull 
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Fig. 4.11 Photograph of V-wedge hulls 

Fig. 4 .12 P"loto f c t-force model hul ls 

r• 
----------------------------------------------------------------~ 



.Fig . 4.12 shows the three constant-force hulls 
corresponding to equivalent angles of deadrise of 20°, 300, 
and 4oo. 

Testing Procedure 

The hull to be te sted wa s f itte d to the hull cover 
plate using brass wood screws. A we ll-greased cork gasket 
was used between the hull and t he plate. After tightening, 
the joint was sprayed with clear Krylon plastic spray. The 

' support was raised t o the proper height and t he· hull release 
set. The tank was then carefully leveled , the distance 
between the keel and the normal water surface adjusted to 
5 in ., and the water level adjusted to normal by adding or 
removing water . When the water surface was calm the test 

·proce eded. 

After each test the hull was rais ed and wiped to 
remove excess water. The acceleration switch for the flash 
gun was adjusted and the water surface again adjusted to 
replace any loss by splashing . The test proceeded as soon 
as the water became calm again . 

of f3e 
7 in. 
of the 

The normal drop he i ght was 5 in.;however, the hull 
= 20° was also dr opped from 3 in., 4 in., 6 in.; airl 
This y i e l ded informati on on the effects of variation 
contact ve locity . 

The normal weight of the accelerating comp onents of 
the apparatus was 4 .32 lb(O . l345 slugs). The beam loading 
of the model wa s changed by the addit ion of lead ballast t o 
t h e hull . The opt i mum hull of # = 200 was also tested 
at a model be am l oading of 5.38 lb{O.l67 slugs) , 6 .45 lb 
(0.201 slugs ), and 7.55 lb (0,235 slugs). 



Chapter V 

DISCUSSION OF RESULTS -

The investigation was divided into three parts. The 
tests on the V- wedge hulls comprised the first part . The 
sec ond part of the work included the tes ting and development 
of the constant-f~e bottom contour. The third part included 
the var iation of the contact velocity and the beam l oading . 

Tests of the V- wedges 

At least three g ood photographs of the water pile - up 
of ea_ch angle of deadrise were examined to obtain measurement~ 
of z, z 1

1 c, and y'· Fr om these me asurements, the dimension-
less parameters~, z/z' , and c/c 1 were computed. All of 
the value s of the Barameters obtained are tabulated in Table 5.1 • 

Table 5 .1 
I 

Resul ts of Tests on V-wedge Hulls 

Run No. Wedge z/z' z- z 1 c/ct f( (!> ) --zc 
4. 1 10° "1.14 0.015 1.25 .o559 
4. 2 10° 1.19 0.0145 1. 23 . 0535 
?.la 10° 1.20 0.0155 1.19 . 0531 
7.2a 10° 1.16 0.0125 1. J.. 7 . 0549 
7.1 200 1.23 0.035 1.21 .0518 
7.2 20° 1.28 0.038 1 . 27 . 0498 
7.3 20° 1.21 0. 0307 1.25 . 0526 
7.4 20° 1.23 0. 0342 l. 25 .0518 
3.2 30° 1.36 0. 081 1.23 . 0468 
3.3 30° 1. 22 0.053 1. 27 .0522 
8.2 30° 1. 30 0.063 1.3t . 049 0 
8.3 30° 1. 25 0.0566 1.23 .0510 
8. 4 300 1. 31 0.068 1.28 . 0'486 
8.5 300 . 1. 29 0.065 1. 32 . 0494 8.,6 30° 1. 27 0.0605 1. 29 .0502 
6.1 40° 1. 32 0.0995 1.33 .0483 
6.2 40° 1. 31 0.101 1. 30 . 0486 
6.3 L~0° 1.31 0.100 1.32 . 0486 
6.4 400 1.33 0. 102 1.34 • 0479 
6.5 40° 1.41 0.121 1.39 . 0452 
5.2 50° 1. 32 0. 133 1. 29 .0483 
5 .4 50° 1. 32 0. 146 1.34 .0483 
5.6 50° 1. 37 0. 157 1 .. 38 .0465 

24. 



Fig . 5.1 s~ows a graph of c/c ' plotted a s a functi on 
of angle of deadrise , ~· Eq. 2.5 is shown on this graph as 
well as the . experimental p oints obtained by Bisp linghoff and 
Doherty (MIT data). The experimental p oints ind icate n o sup-
port for the t he oretically derived E~. 2.5. The MIT data 
indicate slightly higher• value s of c;c 1 ; ho1.vever, the trends 
between MIT data and the Colorado A & M data ·a re parallel. 

The greatest difference between t he experimental p oints 
and Eq . 2.5 occurs at ~ = 10°. This fact may explain why the 
theoretically- derived constant-force hull fai l ed to develop the 
expected values of deceleration during the early part of the 
time histor y . 

The . ratio
1
of the height of the p ile-up c ompared to the 

wetted width z 2~ is shown on F ig . 5. 2 a s a f unc t i on of the 
angle of de a drise. The data indicate the least scatter at 
(3 = 10° and the most scatter a t f3 = 500. This may be explained 
by the fact that relative l y little pile - up oc curs at f3 = 10° 
whereas the most p ile-up occurs at (S = 50°. Furthermore , the 
pile-up at ~ = 50° may als o be affected to a greate r extent 
by surface tensi on or relati ve roughness of the .hull . An 
average curve has been drawn thr ough the data on Fig . 5.2. 

The experimental value s of functi on f( ~ ) have been 
plotted as a functi on of angle of deadris e on Fig . 5.3. A 
curve was fitted thr ough these p oints . Typical wa ter surface 
pr ofiles for . the different wedges are shown in Fig . 5.4. 

No the ory or explanati on is offered f or the large 
divergency between the the oretical equati on and the expe ri-
mental p oints . It is possible that the experimental techniques 
c ould be imp r oved. Weib le (6) pointed out that the use of 
high speed photographs of the ·immersi on process of spheres 
and cylinders was not entirely satisfactory. 

Tests of the Constant-force Hull 

A c omparison of the theoretical accelerati on h istory 
with the actual accelerati on hist ory of the c onstant-force 
hull reported in reference 16 is shown in Fig . 5.5. The tests 
on the theoretically derived c onstant - force hull for f3 = 20 ° 
indicated that the accelerati on did n ot peak as fast as was 
expected . The slope of the constant - force hul l a t the keel 
is zero because in this way the accelerat i on his tory would 
rise to the peak val ue .immedia tely u p on c ontac t with the water. 
The angle of deadr i se then gradually changes through small 
angles to a maximum of about 3 00 at approximately one -th ird 
the distance between the keel and the chine. 
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Fig. 5·7 Photograph of theoretical constant-force hull during impact for ~ = 20° 
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Fig. 5.8 Photograph of constant-force hull during impact for (3 e = 20° 
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3h . " 
From the tests on the 10° V-"'lredge, it is known that the 

experimental value of acceleration does not attain the · 
magnitude expected from the theory. If :1.-::; caL be supposed 
that the angles of deadrise less that 10° behavEld in e. 
sJ.milar manne1~, ·then lt eould be deduced that the constant-
force hull needed to ·oe flatter mrer a greater portion of it~s 
keel area. Only in tnis way wou~d the acceleration-time 
history rise to the maximum quickly~ In a similar ma~~er it 
can be assumed that the hull should have a slig...h.tly steeper 
angle of deadrise near the chines; thus the pF~ak in the 
latter par·t o.f acc.eleration history can be a7·oided. 

The coordinates of the theoretically derived hull were 
used as a beginning point. The steps for cm ... recting the 
coordinates are outlined belowu 

Successive coordinates, z_ , z2 ~ z_3 .•.. zc, were 
chosen along the contour .. l 

2. The anglo of deadrise, p1 , f/2.9 •••• 
measured to each. point. 

f3c , "t-ras 

3" For each value of angle of deadrise, the f( f3 ) 
term was determined from Fig .. 5.3. 

4· The corrected value for each coordinate, Zl 
z£ ...• z~ 0 was computed from the equation 

z ~ = '1r /2 f' ( p. ) z 0 

'The revised ontour is the ct.'l.J:"ve 
values of z ~ 9 z ' • • • • ~ ' • 4. ? c 

dra1m thr·ougb. 

The first hull produced by this procedure did not yield 
the uniform acceleration. histo:r.•y. After a number of hulls 
were corrected by this procedure 9 the final.optimum contour 
was intuitiYely derived by simultaneous examination of _the 
previous hull contoars and their acceleration-time histories • 

.Q.£_J].St.ant;~fo£5.?.~ ~ Conto]lrs fg:z.: Various ABEl~ of Deadri~_£ 

The hull finally developed by the preceding procedure 
had an. equivalent angle of deadrise of 20°. The angle 
between a horizontal line at the ·keel and through the chine , 
was 200. Hulls of equivalent 30° and 400 were produced 
~rom the dimensionless plot of the 20° hull. The actual 
hull contours and thei.r aeceler•ation-time histories are 
shown on Figs. 5.10 and 5.11 and the dimensionless form of 
the constant~force hull contour is shown on ·Fig. 5.12. 
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Variation ~ Contact Velocity 

The contact velocity was varied by .ebanging·the drop 
height. Drop heights used were 3 in., 4 in., 5 in., 6 in., 
and 7 in. The constant-force hull for Pe= 20° was used 
for these tests. A comparison or the acceleration histories 
for these drop heights is shown on Fig. ,5.13_. 

. . . . 
These acceleration histories seem to be composed of two 

parts as distinguished by two peaks. The first peak of the 
acceleration history occurs on contact of the keel with the 
water. The second peak of the acceleration history occurs 
when the flat area near the chines makes contact .with the 
water. The balance of these two peaks is rather sensitive 
as is shown by the acceleration histories on Fig. 5.13. As 
the velocity of contact is increased, the keel area develops 
a greater part of the force of deceleration than the chine 
area. 

Variation ~ !2! ~ LoadiBS 

The test gross weight of the hull is the beam loading 
. for the two-dimensional case. The deceleration history in 

terms of the hull mass is shown on Fig. 5.14. As the mass 
of the hull is increased, the area under the acceleration-
time curve decreases. This indicates that the hull had not 
come to rest by the time the chines were immersed. Exami-
nation of Fig. 5.14 also indicates a greater part of the 
kinetic energy is absorbed by the chine area as the beam 
loading of the hull is increased. The energy of the falling 
hull was not entirely absorbed by the bottom of the hull but 
~as absorbed by increasing the displacemen' of the hull 
after the chines were ~ersed and . is therefore independent 
of the sha~e of the bottam of the hull. 

I 
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_Chapter VI 

SUMMARY 

I n summarizing this work the conclusions are briefly 
lilted, toge ther with the ltmitations of the results and 
the rec~endations for further study. 

Conclu1iona 
T.bese experiments suggest certain changes in the shape 

of a seaplane hull, especially in the region just forward 
the main s t ep. '!he results indicate the following general 
..oonolusions : 

1. 

2. 

3. 

4· 

s. 

The theory fails to predict the water pile-up to:z. 
· the V-wedges. T.bis is particularly tl'ue t or small 
angles of deadriee. 

'!he constant-torce null derived from theor etical 
considerations also tails to give a true constant,. 
force time history. The hull which was developed 
by a trial and error process maintains a l Oirer 
angle of deadrise over a greater portion ot the 
keel area than the theoretically derived hull. 

'.lhe teste on the constant-force hull indi oatea that 
the peak deceleration can be reduced frcm k.S s•a 
tar the 200 V-bottom to 3.3 g•s tor the 200 con-
stant-force bottam. · 

Constant-farce ·bottoms .having an equivalent -angle 
ot deadrise of 300 and 400 can be built frcm the .. 
. non-dimensional coordinates of the constant-force 
bottom. 

Incr easing the oontact .velocit:r of t he hllll oauaea 
a greater increase in force in the region of the 
keel than in the region of the chine. 

6. Increasing- the beam· loading caua~d a deer•••• in · 
the force developed on the keel region. !be 
penetration of t~e . hull into the water before 
coming to rest increased with increasing beam 
loading • 

. . 
Limitations 9! lleaulta. 

These conclusions are baaed on e~r~ts atmulatiDg 
two-dimensional flow and a seaplane having zero wing lift._ 

39 . 



40. 
The practical case of a seaplane landing is ·complex . The factors 
of forward s peed, sinking speed , and t h e presence or absence of 
wave s interp ose great diffe r ences between actual operati onal 
c ondi tions and the c onditi ons of these experiments. 

Rec ommenda tions f or Further Research 

Addi t i onal information ab ou t the impact of V- ·wedges 
of a ngles of deadrise of 10° or less wou ld be useful . The 
use of ordinary photographs only t o measu re the pile - up 
phenomen on f or the flat hulls is n ot entirely satisfactory, 
and p ossibly a more satisfactory method could be deve loped. 



REFERENCES 

/ 1. von Kar man, Th.: 1 The Impact of Seaplane Floats During 
Land i ng r. N.A.C.A. T.N. No. 321, 1929. 

2. Kreps, R. L.: 'Experimental Investigation of Impact in 
Land ing on water'. N.A.C.A. T. N. No. 1046, 1943. 

~ 3. Monaghan. M. A.: 1 Theoretical Examination of Effect of 
Deadri se i n Seaplane - via ter Impacts 1 • Royal Aircraft 
Establishment Technical Note No. Aero. 1989, 1949. 

A 4. Milwitzky, Benjamin: 1A Generalized Theoretical and 
Experimental Investigation of the Motions and Hydro-
dynamic Loads Experienc~d by V-Bottom Seaplanes During 
Step-Landing Impac·ts 1 • N.A.C.A. T.N·.· 1516, February, 
1948 . 

·./ 5. Bisplinghoff , R. L. and Doherty, C. S.: 1A Two-dimensional 
Study of the Impact of Wedges on a Water Surface'. 
MIT , March, 1950. 

4 6. Weible, A.: 1 The Penetration of Bodies with Various Head 
Forms at Perpendicular Impact on water'. Forschung-
sanstalt Graf Zeppelin, Stuttgart, Germany. ~L Trans-
lation No. 286. 

41. 


	CER_Schulz_3_001
	CER_Schulz_3_002
	CER_Schulz_3_003
	CER_Schulz_3_004
	CER_Schulz_3_005
	CER_Schulz_3_006
	CER_Schulz_3_007
	CER_Schulz_3_008
	CER_Schulz_3_009
	CER_Schulz_3_010
	CER_Schulz_3_011
	CER_Schulz_3_012
	CER_Schulz_3_013
	CER_Schulz_3_014
	CER_Schulz_3_015
	CER_Schulz_3_016
	CER_Schulz_3_017
	CER_Schulz_3_018
	CER_Schulz_3_019
	CER_Schulz_3_020
	CER_Schulz_3_021
	CER_Schulz_3_022
	CER_Schulz_3_023
	CER_Schulz_3_024
	CER_Schulz_3_025
	CER_Schulz_3_026
	CER_Schulz_3_027
	CER_Schulz_3_028
	CER_Schulz_3_029
	CER_Schulz_3_030
	CER_Schulz_3_031
	CER_Schulz_3_032
	CER_Schulz_3_033
	CER_Schulz_3_034
	CER_Schulz_3_035
	CER_Schulz_3_036
	CER_Schulz_3_037
	CER_Schulz_3_038
	CER_Schulz_3_039
	CER_Schulz_3_040
	CER_Schulz_3_041
	CER_Schulz_3_042
	CER_Schulz_3_043
	CER_Schulz_3_044
	CER_Schulz_3_045
	CER_Schulz_3_046
	CER_Schulz_3_047
	CER_Schulz_3_048
	CER_Schulz_3_049
	CER_Schulz_3_050
	CER_Schulz_3_051

